As classrooms begin to adopt a greater number of digital technologies such as computers and tablets, it is important for educators to understand how effective such tools can be in aiding in the delivery of instruction to students who struggle in mathematics, such as those identified with a learning disability in mathematics. One digital-based instructional strategy with a limited research base for students with a learning disability is video modeling. Through a single subject alternating treatments design, this study compared the use of video modeling to face-to-face explicit instruction for teaching geometry word problems to three secondary students with a learning disability in mathematics. Across 10 sessions of intervention, all three students demonstrated improved performance on all dependent variables with both interventions, while the explicit instruction condition produced slightly greater accuracy scores for two of the three students. The results and their implications for the field of mathematics are discussed.
Students with a learning disability in mathematics account for roughly 5-8 percent of the school-age population; they commonly exhibit weaknesses in the areas of problem solving and short-and long-term memory, and possess poor organizational skills (Geary, Hoard, Nugent, & Bailey, 2012) . The struggles exhibited by these students often present themselves in national assessments measuring student performance in mathematics. For example, the National Assessment of Educational Progress (NAEP) showed that 96 percent of eighth graders with a specific learning disability scored below the proficient level in mathematics (National Center for Education Statistics [NCES], 2015) . Statistics such as these highlight the need for educators to identify effective classroom strategies to supplement mathematics instruction for students with a learning disability in mathematics, particularly at the secondary level.
Strategies for Teaching Students with Learning Disability
To combat the challenges faced by students with a learning disability in mathematics, research has identified strategies to better teach conceptual and procedural knowledge across secondary mathematics curricula. The majority of strategies studied are classified within three broad categories: behavior, cognitive, and alternative delivery systems Guest Editor: Sarah Powell Requests for reprints should be sent to Rajiv Satsangi, Ph.D., George Mason University, 4400 University Drive, MS1F2, Finley Building 209, Fairfax, VA 22030, USA. Electronic inquiries should be sent to rsatsang@gmu.edu (Maccini, Mulcahy, & Wilson, 2007) . Within these categories, two approaches that have been shown to be effective for teaching secondary students with a learning disability are explicit instruction and video-based interventions.
A large body of research in special education argues for mathematics instruction to be structured and explicit (Gersten, Baker, Pugach, Scanlon, & Chard, 2001 ). Explicit instruction generally entails an instructor reviewing prerequisite skills needed to learn a new concept, modeling the explicit actions needed to solve a problem (including the cognitive and metacognitive thinking that takes place), and then overseeing the student through guided and independent practice (Hudson, Miller, & Butler, 2006) . In their meta-analysis of instructional components of mathematics interventions for students with a learning disability, Gersten et al. (2009) operationalized explicit instruction to possess three key components: (1) The instructor illustrates a step-by-step strategy to solve a problem; (2) the strategy is designed to solve a specific set of problems, as opposed to a general problem-solving heuristic approach; and (3) students are required to complete the same steps to solve problems as those illustrated by the instructor. Through research, explicit instruction was established as an evidence-based strategy for teaching students with a learning disability (Gersten et al., 2009) , and was shown to be effective in teaching mathematical concepts ranging from decimals and fractions (e.g., Scarlato & Burr, 2002) to algebraic equations (e.g., Witzel, Mercer, & Miller, 2003) .
Although less established than explicit instruction, a second instructional strategy that has been shown to be effective for teaching secondary students with a learning disability is video-based interventions. Video-based interventions are categorized as an alternative delivery system (Maccini et al., 2007) , and are based on observational learning theory (Clark, Kehle, Jenson, & Beck, 1992) . This strategy entails an educator offering instruction to students using visual depictions with audio feedback through video recordings. Advantages for students using this strategy to learn new concepts include multiple viewings of an exemplar and the reuse of videos across multiple settings (Mechling, 2005) . To date, multiple variations of video-based interventions exist for educators to consider, including video modeling, video prompting, video self-modeling, subject point-of-view video modeling, and computer-based video instruction (Mechling, 2005) .
For students with a learning disability, video-based interventions were studied in small numbers for teaching mathematics. For example, Bottge and associates successfully used contextualized instruction within videos (i.e., anchored instruction) to teach secondary students with a learning disability problem solving (Bottge, 1999; Bottge, Heinrichs, Mehta, & Hung, 2002) , pre-algebra (Bottge, Heinrichs, Chan, & Serlin, 2001) , and geometry (Bottge, Heinrichs, Chan, Mehta, & Watson, 2003) . More recently, Bottge et al. (2015) successfully employed enhanced anchored instruction using computer-based activities, video-based anchored problems, applied projects, and explicit instruction to teach secondary students with a learning disability problem solving, geometry, fractions, and proportions. In addition to these studies, other variations of video-based interventions, such as video modeling, were shown to be effective for teaching students with a learning disability in mathematics.
Video Modeling for Mathematics Instruction
Video modeling is characterized by a video of an adult or peer model illustrating how to perform a skill while delivering explicit directions to the viewer via a transcript across one continuous clip. After watching the video in its entirety, students complete the same skill themselves, in the same manner illustrated on screen (Cihak, Fahrenkrog, Ayres, & Smith, 2010) . There are inherent qualities of video modeling that suggest that its use would be beneficial for students with a learning disability in mathematics. For instance, many highly effective strategies can be embedded within video modeling instruction to aid students. Video modeling instruction often emphasizes explicit instruction to teach skills, an established evidence-based strategy for teaching students with a learning disability (Gersten et al., 2009) . Similarly, visual representation strategies-considered highly beneficial in aiding students with a learning disability to develop problem-solving skills when working with word problemscan be emphasized (Gonsalves & Krawec, 2014) . Through the use of video modeling, educators can provide students with visual representations of problems, such as illustrations of figures on screen, in tandem with the steps of the problemsolving process. Lastly, because video modeling is accessed via portable electronics such as laptops and tablets, this strategy provides secondary students with the opportunity to use age-appropriate technology in front of their peers inside the classroom (Satsangi & Miller, 2017) .
The benefits of video modeling for mathematics instruction with secondary students with a learning disability are generally speculative at this time, due to limited research assessing its use with this population. Yet the small number of studies that do exist and were found by the authors provide promising signs. Using a single-subject multiple-probe design across behaviors, Cihak and Bowlin (2009) illustrated increased problem solving for three secondary students with a learning disability in mathematics using video modeling to solve geometry problems. Elsewhere, Satsangi, Hammer, and Bouck (under review) also used a single-subject multiple-probe design to demonstrate successful use of video modeling to teach three secondary students with a learning disability in mathematics how to solve geometry problems. All three students exhibited improved problem solving as well as high levels of independence across the treatment phases of their study.
Rationale for Study
Preliminary work from Cihak and Bowlin (2009) and Satsangi et al. (under review) suggests that video modeling provides increased skill acquisition and problem-solving independence for secondary students with a learning disability. Yet additional research is needed addressing how this approach compares to other established strategies for this population. The objective of this study was to extend the research base studying the use of video modeling for mathematics instruction for secondary students with a learning disability in mathematics by comparing its use to face-to-face explicit instruction. To guide this study, the following four research questions were established: (1) Is there a functional relation between secondary students with a learning disability in mathematics receiving instruction via video modeling or face-to-face explicit instruction and their percent accuracy performance solving geometry word problems? (2) What level of independence is demonstrated by secondary students with a learning disability in mathematics when receiving instruction via video modeling and face-toface explicit instruction to solve geometry word problems? (3) How long do secondary students with a learning disability in mathematics take when receiving instruction via video modeling and face-to-face explicit instruction to complete geometry word problems? And (4) what views do secondary students with a learning disability in mathematics hold toward receiving instruction via video modeling compared to face-to-face explicit instruction for secondary mathematics curricula?
METHODS

Participant Information
To identify eligible participants, researchers established the following inclusion criteria for students: (1) Currently in grades 9-12 and enrolled in an Algebra 1 course; (2) identified with a learning disability in mathematics based on a discrepancy between IQ and academic achievement, or through the school's response to intervention (RTI) process (Fuchs & Fuchs, 2006) ; (3) recommended for participation by their mathematics teacher based on their classroom performance; and (4) scored below 50 percent on a researcher created preassessment evaluating their ability to solve geometry word problems; this threshold was established based on teacher feedback-as she believed students who solved at least half of the problems correctly would not need the additional support provided by either intervention. A total of seven students completed the pre-assessment, of which four qualified based on their scores. After reviewing the pre-assessment with their teacher, three students were selected (refer to Table 1); the fourth student was excluded from participation based on truancy concerns raised by his teacher.
Grace
Grace was a 15-year-old ninth-grade female student found eligible for special education services for a specific learning disability (SLD) in mathematics. Grace was eligible for special education services due to deficits in multiple academic areas, cognitive efficiency, cognitive fluency, phonological processing, and working memory. At the time of this study, Grace was enrolled in a self-contained course that addressed the first half of the Algebra I curriculum over the course of an entire school year. In addition, Grace was enrolled in a selfcontained mathematics strategies course for additional help in mathematics. In her mathematics classes, a special education teacher and an English Language Learner (ELL) teacher were present in the classroom. Grace, whose first language was not English, earned an overall score of three out of six on (Schrank, Mather, & McGrew, 2014) . The previous year, Grace took the state's eighth-grade mathematics standardized assessment and scored 286 (a score of 400 is needed to pass).
Jenny
Jenny was a 16-year-old ninth-grade female student who was found eligible for special education services for a SLD in mathematics. Jenny was eligible for special education services due to deficits in reading, writing, phonological memory, and phonological processing. At the time of this study, Jenny was enrolled in a self-contained course that addressed the first half of the Algebra I curriculum over the course of an entire school year. In addition, Jenny was enrolled in a self-contained mathematics strategies course for additional help in mathematics. In her mathematics classes, a special education teacher and ELL teacher were present in the classroom. Jenny, whose first language was not English, earned a proficient score (six out of six) on the WIDA testing and no longer participated in an ELL program at her school (WIDA, 2018) . Her Broad Mathematics score on the Woodcock Johnson Tests of Achievement, Fourth Edition (WJ-IV) was a standard score of 85, falling in the low average range (Schrank et al., 2014) . The previous year, Jenny took the state's eighth-grade mathematics standardized assessment and scored 351 (a score of 400 is needed to pass).
Zoey
Zoey was a 14-year-old ninth-grade female student found eligible for special education services for a SLD in mathematics and a secondary disability of other health impairments. Zoey was eligible for special education services due to deficits in reading, writing, and attention. At the time of this study, Zoey was enrolled in a self-contained course that addressed the first half of the Algebra I curriculum over the course of an entire school year. In addition, Zoey was enrolled in a self-contained mathematics strategies course for additional help in mathematics. In her mathematics classes, a special education teacher and ELL teacher were present in the classroom. Zoey, whose first language was not English, earned an overall score of three out of six on English proficiency on the WIDA testing (WIDA, 2018) . Her Broad Mathematics score on the WJ-III was a standard score of 94, falling in the average range (Schrank et al., 2014) . The previous year, Zoey took the state's eighth-grade mathematics standardized assessment and scored 355 (a score of 400 is needed to pass).
Setting
This study took place in an urban public high school located outside of a large Mid-Atlantic city. The school enrolled approximately 1,900 students, of which 44.0 percent were Hispanic, 22.0 percent African American, 20.0 percent Caucasian, 9.0 percent Asian, 4.0 percent identified as being of two or more ethnicities, and 1.0 percent American Indian/Alaskan Native or Hawaiian Native/Pacific Islander. Students receiving special education services were offered inclusionary and self-contained instruction in all grades. For all data collection sessions, researchers and students worked in one 15-by 10-feet room with one 3-feet wide circular table located in the center. Researchers sat across the table from individual students for all sessions, with each session lasting approximately 20 minutes. All sessions took place during the students' self-contained mathematics class.
Independent and Dependent Variables
Two independent variables were assessed in this studyvideo modeling and explicit instruction. Video modeling was defined as instruction delivered to students via an instructional video viewed on an Apple iPad Pro R tablet. Explicit instruction was defined as instruction delivered to students face-to-face via a researcher. Both interventions taught students how to solve geometry word problems focused on the topics of area and perimeter of squares and rectangles. The dependent variables in this study included (1) the percentage of correctly solved geometry word problems per session, (2) the percentage of steps within each geometry word problem completed independently per session, (3) the total time needed to complete geometry word problems per session, and (4) the responses from social validity questions asked of students. Dependent variables were selected based on previous research studying video modeling for students with a learning disability (see Satsangi et al., under review; Cihak & Bowlin, 2009) .
A recording system was used to assess student performance on each dependent variable. For every session, researchers sat with students individually and measured their progress as they received instruction and completed assessments. Researchers used permanent product recording procedures to gather data on percent accuracy and percent independence. For percent accuracy of each session, researchers tabulated the total number of problems students solved correctly out of five. For percent independence of each session, researchers tabulated the total number of steps in each problem that students completed without a prompt. To provide prompts, researchers used a system of least prompts that included verbal direction, physical gesturing with verbal direction, and physical modeling with verbal direction (Doyle, Wolery, Ault, & Gast, 1988) . In addition to percent independence, the average number of prompts and the percent of each type of prompt given per session were tabulated. The duration of each session was measured with a digital clock, with total time of each session rounded to the nearest whole minute. Social validity was collected through open-ended questions asked by a researcher of each individual student.
Materials
Pre-Assessment
Prior to beginning the study, researchers gave students who returned consent forms a pre-assessment to assess their ability to solve geometry word problems. The pre-assessment consisted of eight word problems assessing the following three skills, with two questions per skill: (1) Given the area of a square, solve for perimeter; (2) given the perimeter of a square, solve for area; and (3) given the length and area of a rectangle, solve for the perimeter. These three specific skills were selected in accordance with the learning objectives for Algebra 1 outlined by the Common Core State Standards Initiative (2010: ccss.math.content.6.G.A.1 and ccss.math.content.7.G.B.6) and the Virginia Standards of Learning curricula.
Video Modeling Lessons
Video lessons were created using the ShowMe R app (www. showme.com), a 9.7-inch Apple iPad Pro R with connecting Smart Keyboard TM , and an Apple Pencil R . ShowMe R is a free iOS and Android compatible app that works much like an interactive whiteboard where individuals can create, record, and save videos. Three total videos were created by researchers for this condition, with one video dedicated to teaching one of the following three skills: (1) Given the area of a square, solve for perimeter; (2) given the perimeter of a square, solve for area; and (3) given the length and area of a rectangle, solve for the perimeter. Each video featured voiceover narration to provide instruction while using second person point-of-view language (i.e., using pronouns such as "you" and "your"). One adult female voice narrated the steps of the problem-solving process for all three videos, with each video lasting approximately 5 minutes in length.
Explicit Instruction Lessons
Explicit instruction lessons were delivered by one researcher face-to-face with each student individually, with each lesson covering one of the following three skills: (1) Given the area of a square, solve for perimeter; (2) given the perimeter of a square, solve for area; and (3) given the length and area of a rectangle, solve for the perimeter. To deliver explicit instruction to students, researchers used a 10-inch by 10-inch white board, dry erase markers, and a written transcript for researchers to reference. Researchers followed the transcript when teaching students, to ensure uniformity in the language and content they covered. Lessons lasted approximately 5 minutes in length.
Assessments
Researchers created 18 total unique assessments to measure student performance solving geometry word problems across the three phases of this study. Each individual assessment targeted only one of the following three skills (six assessments total were created per skill in alternate forms): (1) Given the area of a square, solve for perimeter; (2) given the perimeter of a square, solve for area; and (3) given the length and area of a rectangle, solve for the perimeter. These three skills were selected because each required the same number of steps to solve for a solution (i.e., three steps) and required similar types of calculations to be completed (e.g., addition, division, squaring, and square roots)-thus ensuring reliability across measures. All questions were identical in content and format to those covered in the video modeling and explicit instruction lessons. Each assessment was composed of five unique word problems on one side of an 8.5-inch by 11-inch sheet of paper. For all 18 assessments, all problems and their solutions possessed only whole numbers, and no problem was repeated twice. For each session of each phase, researchers randomly selected the assessment that students would complete, while ensuring that each student was given at least one assessment covering each of the three skills within each phase, and that no student was given more than two consecutive assessments assessing the same skill. For all assessments, students were given a calculator and a writing instrument.
Experimental Design
A single-subject alternating-treatments design across three students (Gast & Ledford, 2014 ) was used to compare the efficacy of video modeling and face-to-face explicit instruction as strategies to teach solving geometry word problems to secondary students with a learning disability in mathematics.
To design this study, researchers followed the single case design standards of Kratochwill, Levin, Horner, and Swoboda (2014) and the single case quality indicators for methodological rigor by Horner et al. (2005) . With an alternatingtreatments design, each student served as his/her own control, and each data point after intervention served as a replication of a treatment effect (Gast & Ledford, 2014) . Following five sessions of baseline, five sessions of video modeling and explicit instruction each were alternated to assess student performance solving word problems. Following intervention, five sessions of a best treatment phase were conducted with the treatment condition that was found to be most effective during intervention.
Procedures
Baseline
A total of five sessions were conducted with each student to determine baseline performance before beginning intervention. Students were assessed on their ability to solve geometry word problems without any prior instruction, and received no prompting from researchers. For each session, researchers measured data regarding problem-solving accuracy and session duration, while independence data were not collected, as prompts were not provided.
Intervention
For intervention, each student randomly alternated between five sessions each of two treatment conditions: receiving instruction via video modeling or face-to-face explicit instruction from a researcher. After receiving instruction within each session, students completed an assessment sheet containing five unique word problems focused on the same skill that they were taught. As students completed each assessment, researchers collected data regarding their accuracy, their independence, and the duration of each session on a data collection sheet.
Video Modeling Condition
Students began each session by watching in its entirety a video modeling lesson explaining how to solve a problem similar to those presented on their assessment sheet. Instruction within each video included highlighting key vocabulary, concepts, and equations while illustrating on screen how to solve one example problem in a stepwise order using numbers, figures, and written text on screen (refer to Table 2 for a transcription of a video modeling lesson). After watching the video, students solved five unique word problems on their assessment sheet. Students were permitted to re-watch the video in its entirety, or any individual portion of the video, using the play, pause, rewind, and fast-forward functions. If a student needed help to complete any step while solving a problem, the researcher would first direct them to find the appropriate section of the video for support, using verbal direction or physical gesturing with verbal direction. If the students were still unable to complete the step after reviewing the video, the researcher would then explicitly reteach them, using physical modeling with verbal direction while recording the problem as incorrect on the data collection sheet.
Explicit Instruction Condition
A researcher began each session by explicitly teaching students how to solve one example problem similar to those presented on their assessment sheet. Through instructional modeling, researchers wrote numbers, figures, and written text on a white board with various colored markers to highlight key concepts and differences within each step of each lesson. Guided practice problems were not provided to students as part of any lesson. After receiving instruction, students solved five unique word problems on their assessment sheet. Students were permitted to refer back to the whiteboard on which the researcher taught the lesson for guidance. If a student needed help to complete any step of any problem, the researcher would first direct them to find the appropriate section on the whiteboard, using verbal direction or physical gesturing with verbal direction. If the students were still unable to complete the step after reviewing the whiteboard, the researcher would explicitly reteach them, using physical modeling with verbal direction while recording the problem as incorrect on the data collection sheet.
Best Treatment
Following intervention, students completed three sessions solving word problems using the treatment condition (video modeling or explicit instruction) that was found to be most effective during intervention. This phase was used to control for the possibility of a specific type of multi-treatment interference called alternation effects (Hains & Baer, 1989) . The most effective treatment was determined based on the intervention with the highest calculated percent accuracy average; in instances where a student earned identical percent accuracy averages with both treatments, researchers based the decision on social validity by asking the student to select which intervention they preferred (similar to past research using alternating treatments designs; see Bouck, Satsangi, Doughty, & Courtney, 2014) . Each session encompassed five word problems presented in the same format as baseline and intervention. As students solved word problems, researchers measured their accuracy, independence, and duration. Prompting procedures employed by researchers paralleled those used during intervention.
Social Validity
The social validity of both intervention conditions was assessed through open-ended questions asked individually to the students before and after the study; researchers recorded their responses in real time. Prior to beginning the study, students were asked questions regarding their opinions of mathematics, instructional preferences, and prior technology use. Following the study, students were asked to gauge how useful both interventions were for learning, which of the two they preferred, which features of both interventions they liked or disliked, and whether they would be receptive to using video modeling in mathematics moving forward.
Interobserver Agreement and Treatment Integrity
Interobserver agreement (IOA) and treatment integrity were measured for 40.0 percent of all three phases of this study. IOA was measured on the dependent variables of percent accuracy and percent independence by dividing the number of agreements by the number of agreements plus disagreements and multiplying by 100 to report a percentage. IOA scores for each student for all three phases of the study were as follows: IOA for Grace was 100 percent for accuracy and 99.5 percent for independence (range = 96.7 to 100 percent); Jenny's IOA was 100 percent for accuracy and 98.0 percent for independence (range = 93.3 to 100 percent); Zoey's IOA for accuracy and independence was 100 percent. Treatment integrity was assessed with a checklist that ensured that students were provided with a pen or pencil, calculator, and instruction via an Apple iPad Pro R or face-to-face explicit instruction from a researcher during treatment phases. Treatment integrity for all three students was 100 percent over the three phases of this study.
Data Analysis
To analyze each student's data, researchers completed visual analysis, an overlap measure, and an effect size measure. For visual analysis, researchers assessed the level, trend, variability, overlap, immediacy of effect, and consistency of data patterns between phases for each student's graphed data (Kennedy, 2005) . The level of data was found to be stable when 80.0 percent of the data fell within a 25.0 percent range of the median value for a specific phase, while trends in the data were calculated using the split middle method technique within and across phases (Gast & Ledford, 2014) . In addition, one overlap metric-percentage of nonoverlapping data (PND; Wolery, Busick, Reichow, & Barton, 2010)-was calculated. Two measures of PND were calculated for each student. First, PND was assessed between each intervention condition and the baseline phase. This measure was calculated by identifying the highest data point within the baseline phase and the total number of intervention data points for each treatment condition that exceeded this value, and then calculating the proportion of non-overlapping data points to the total number of intervention data points (Wolery et al., 2010) . Researchers also calculated PND within the intervention phase by comparing the parallel data points of each treatment condition being alternated against one another (Gast & Ledford, 2014) .
For an effect size measure, researchers calculated Tau-U (Parker, Vannest, Davis, & Sauber, 2011) , a nonparametric statistical measure of effect size obtained by combining the non-overlap data between two phases with the trend within the intervention phase. Tau-U was used to measure the between-phase performance differential of baseline and intervention scores of the two treatment conditions for each student using the following online calculator: http://www. singlecaseresearch.org (Vannest, Parker, & Gonen, 2011) . Tau-U is reported as a number ranging from 0 to 1 and is interpreted as follows: a score from 0.93 to 1 is considered a large effect, a score from 0.66 to 0.92 is considered a medium effect, and a score from 0 to 0.65 is considered a small effect . The combined weighted average Tau-U score and individual scores are reported.
RESULTS
All three students scored above their baseline levels with both treatments, earning 80.0 percent or greater accuracy scores with each across all intervention and best treatment sessions. Comparing intervention scores, explicit instruction earned higher average accuracy scores than video modeling for two of the three students, while the third demonstrated identical performance with both (refer to Table 3 ). Looking at the effect size of both treatments, the combined weighted average Tau 
Grace
Grace did not answer any questions correctly across five consecutive sessions of baseline, while her average time per session was 3.0 minutes (range = 2.0 to 4.0). Within intervention, her scores for both treatments rose above baseline levels, illustrating an abrupt change in level between phases (Gast & Ledford, 2014 ; refer to Figure 1 ). For the video modeling condition, Grace earned 100 percent accuracy for four of five sessions of intervention, earning a total average of 96.0 percent (range = 80.0 to 100 percent). Her average independence solving word problems was 98.7 percent (range = 93.3 to 100 percent), while she required on average 0.6 prompts per session (range = 0 to 3.0), of which 33.3 percent were verbal direction and 66.6 percent were physical gesturing with verbal direction. Her average time to complete each assessment was 10.4 minutes (range = 8.0 to 14.0), while she watched each video an average of 2.2 times per session (range = 1.0 to 3.0). In comparison, Grace earned an average score of 100 percent using explicit instruction to solve word problems across five sessions. Her average independence per session was 99.3 percent (range = 96.7 to 100 percent), while she required on average 0.4 prompts (range = 0 to 2.0), of which 100 percent were physical gesturing with verbal direction. Her average time to complete each assessment during intervention was 8.6 minutes (range = 8.0 to 11.0), while she required instruction from the researcher an average 1.4 times per session (range = 1.0 to 2.0).
The level stability of Grace's data for both treatments within intervention was deemed stable based on 80.0 percent of her data falling within a 25.0 percent range of the median value (Gast & Ledford, 2014) . Using the split middle method technique, the trend direction of Grace's data for the intervention phase was found to be accelerating for the video modeling condition and zero-celerating with explicit instruction. The trend stability of her data was also found to be stable for both conditions based on their level stability envelopes and trend lines (Gast & Ledford, 2014) .
The PND between Grace's baseline and intervention scores was 100 percent for both the video modeling and explicit instruction conditions. To compare the two alternating conditions of intervention, PND was calculated between the video modeling and explicit instruction sessions (Gast & Ledford, 2014) . For Grace, video modeling was not found to be superior to explicit instruction for any sessions, whereas explicit instruction was superior to video modeling for one session (PND = 20.0 percent). With PND scores comparing both conditions ranging from 0 to 20.0 percent for Grace, little differentiation was found in effectiveness between the two instructional strategies. Moreover, Grace's Tau-U score was 1.0 for both the video modeling and the explicit instruction conditions, 90.0 percent CI [0.370, 1.0], suggesting that both interventions were highly effective compared to baseline levels .
Based on intervention scores, Grace's best treatment was explicit instruction. Within the best treatment phase, she scored 100 percent correct on two of three sessions, with an average accuracy of 93.3 percent (range = 80.0 percent to 100 percent), illustrating slightly greater variability in performance from intervention. Her average independence was 98.9 percent (range = 96.7 percent to 100 percent), while she required on average 1.0 prompts per session (range = 0 to 3.0), of which 100 percent were physical modeling with verbal direction. Grace's average time to complete each assessment decreased from intervention to 8.3 minutes (range = 4.0 to 13.0), while she required instruction from the researcher an average 1.3 times per session (range = 1.0 to 2.0).
Jenny
Across five sessions of baseline, Jenny did not answer any questions correctly, while her average duration time per session was 2.0 minutes (range = 1.0 to 3.0). After starting intervention, her scores with both treatments increased above her baseline level, illustrating a change in level between phases (Gast & Ledford, 2014) . For the video modeling treatment, Jenny earned 100 percent accuracy on three of five sessions, for an average of 92.0 percent (range = 80.0 to 100 percent). Her average independence was 98.7 percent (range = 93.3 to 100 percent), while she required on average 0.8 prompts per session (range = 0 to 4), of which 33.3 percent were verbal direction and 66.7 percent were physical modeling with verbal direction. Her average time to complete each assessment was 8.6 minutes (range = 7.0 to 14.0), while she watched each video an average of 2.2 times per session (range = 1.0 to 4.0). In contrast, Jenny earned an average score of 100 percent using explicit instruction to solve problems. Her average independence was also 100 percent, as she required no prompts on any session with this treatment. Her average time to complete each assessment was 6.8 minutes (range = 6.0 to 8.0), while she required instruction from the researcher an average 1.0 time per session.
The level stability of Jenny's data for both treatments within intervention was deemed stable, based on 80.0 percent of her data falling within a 25.0 percent range of the median value (Gast & Ledford, 2014) . Using the split middle method technique, the trend direction of Jenny's data for the intervention phase was found to be zero-celerating for both the video modeling and the explicit instruction treatment, indicating no significant change in trend direction (Gast & Ledford, 2014) . The trend stability of her data was also found to be stable for both conditions, based on their level stability envelopes and trend lines (Gast & Ledford, 2014) .
The PND between Jenny's baseline and intervention scores was 100 percent for both the video modeling and the explicit instruction condition. To compare the two alternating conditions of intervention, PND was calculated between the video modeling and explicit instruction sessions (Gast & Ledford, 2014) . For Jenny, video modeling was not found to be superior to explicit instruction for any sessions, whereas explicit instruction was superior to video modeling for two sessions (PND = 40.0 percent). With PND scores comparing both conditions ranging from 0 to 40.0 percent for Jenny, little differentiation was found in effectiveness between the two instructional strategies. Similarly, Jenny's Tau-U score was 1.0 for both the video modeling and the explicit instruction condition, 90.0 percent CI [0.370, 1.0], signifying that both interventions were highly effective compared to baseline levels .
Based on intervention scores, Jenny's best treatment was explicit instruction. Jenny scored 100 percent correct for two of three sessions in the best treatment phase, with an average accuracy of 93.3 percent (range = 80.0 to 100 percent). Her average independence was 98.9 percent (range = 96.7 to 100 percent), and she required on average 1.0 prompts per session (range = 0 to 3.0), of which 100 percent were physical modeling with verbal direction. Her average time to complete each assessment was 7.0 minutes (range = 6.0 to 8.0), while she required instruction from the researcher an average 1.3 times per session (range = 1.0 to 2.0).
Zoey
Zoey did not answer any questions correctly across five sessions of baseline. Once in intervention, her scores for both treatments rose above baseline levels, illustrating a change in level between phases (Gast & Ledford, 2014) . For video modeling, Zoey earned 100 percent accuracy on all five sessions, with an average independence score of 100 percent as well, requiring no prompts for any session. Her average time to complete each assessment was 10.2 minutes (range = 7.0 to 15.0), while she watched each video an average of 1.4 times per session (range = 1.0 to 2.0). Similar to her performance using video modeling, Zoey earned 100 percent average accuracy using explicit instruction to solve word problems during intervention. Her average independence was 98.7 percent (range = 93.3 to 100 percent), while she required on average 0.8 prompts per session (range = 0 to 4.0), of which 100 percent were physical gesturing with verbal direction. Her average time to complete each assessment was 8.6 minutes (range = 7.0 to 13.0), while she required instruction from the researcher an average 1.4 times per session (range = 1.0 to 3.0).
The level stability of Zoey's data for both treatments within intervention was deemed stable, based on 80.0 percent of her data falling within a 25.0 percent range of the median value (Gast & Ledford, 2014) . Using the split middle method technique, the trend direction of Zoey's data for the intervention phase was found to be zero-celerating for both the video modeling and the explicit instruction condition, suggesting no significant change in trend direction. The trend stability of her data was also found to be stable for both conditions, based on their level stability envelopes and trend lines (Gast & Ledford, 2014) .
The PND between Zoey's baseline and intervention scores was 100 percent for both the video modeling and the explicit instruction condition. To compare the two alternating conditions of intervention, PND was calculated between the video modeling and explicit instruction sessions (Gast & Ledford, 2014) . For Zoey, neither video modeling nor explicit instruction was superior to the other for any session of intervention (PND = 0 percent), thus indicating little differentiation in effectiveness between the two instructional strategies. Similarly, Zoey's Tau-U score was 1.0 for both the video modeling and the explicit instruction condition, 90.0 percent CI [0.370, 1.0], suggesting that both interventions were highly effective compared to baseline levels .
With her average intervention accuracy scores using video modeling and explicit instruction being identical, Zoey was verbally asked, after the intervention phase concluded, which strategy she preferred. Based on her feedback, explicit instruction was selected as her best treatment. Zoey's average accuracy was 93.3 percent (range = 80.0 to 100 percent) across three sessions of best treatment. Her average independence was 100 percent, as she required no prompts for any session. Her average time to complete assessments decreased from intervention to 6.3 minutes (range = 5.0 to 7.0), while she required instruction from the researcher an average 1.0 time per session.
Social Validity Responses
Following the study, the three students were asked about the social validity of both interventions, and specifically which method of instruction they preferred for learning-video modeling or face-to-face explicit instruction. Their answers varied, as Grace preferred the video modeling, Jenny thought both methods of instruction were the same, and Zoey preferred the explicit instruction. Grace preferred video modeling due to the ability to move forward and backward if she forgot a step. She stated, "I could go back to that part instead of having the teacher go through it again. I didn't feel like I was bothering the teacher when I saw the video." Additionally, she liked the videos better because they were "better and quicker" than having to speak to a teacher in person. Grace claimed that she is a shy person and does not like to bother the teacher unless she has to, which made the videos more preferable to her. Jenny enjoyed aspects of both methods of instruction. She liked the explicit instruction condition because the work was written out in front of her, and because she did not need to go back to see individual steps. However, she liked the videos because she often "forgot stuff," and the videos could be used as a quick reminder when doing homework. Jenny stated that she would like more videos to be used in class, but that headphones would be needed so that she could watch them without anyone knowing. Zoey preferred the explicit instruction best because in instances where she had a specific question, she did not have to rewind or fast-forward the video; instead, the work was in front of her on the white board. However, she stated that video modeling would be helpful in instances where she was not in class with a teacher present to assist her.
DISCUSSION
The objective of this study was to extend the research base studying video modeling for mathematics instruction for secondary students with a learning disability in mathematics. Specifically, the authors sought to compare video modeling to explicit instruction-a strategy that has been proven effective for teaching this population (Gersten et al., 2009) . Across 10 sessions of intervention, three secondary students with a learning disability in mathematics demonstrated improved performance solving geometry word problems with both interventions on all dependent variables measured. Based on visual analysis and on the Tau-U effect size measure, a functional relation was established between our students receiving instruction with both video modeling and face-to-face explicit instruction and their accuracy performance solving geometry word problems. All three students solved more questions correctly using both instructional strategies compared to their respective baseline levels, as each of their intervention scores with both treatment conditions ranged from 80.0 to 100 percent. In addition, the positive results of both interventions on student performance extended to their independence scores, as all three students averaged above 98.0 percent independence with video modeling and face-to-face explicit instruction.
The results of this study impact the broader field of special education research in two ways. First, our findings support previous literature showing video-based interventions to be effective for teaching mathematics to students with a learning disability in mathematics (e.g., Bottge 1999; Bottge et al., 2001; . As a specific form of video-based interventions, our use of video modeling to teach secondary mathematics curricula follows in line with the work of Cihak and Bowlin (2009) and Satsangi et al. (under review) , both of whom demonstrated video modeling to be an effective instructional strategy to teach geometry concepts to this population. Second, the use of video modeling in our study was shown to be nearly as successful as explicit instruction-an established evidence-based practice for teaching students with a learning disability. When comparing student performance with both treatments during intervention, PND analysis suggested that there was minimal difference between the students' success using either strategy to solve geometry word problems. This finding is evident across all dependent variables assessed within this study. For all three students, differences in averages between the two treatment conditions for accuracy performance ranged from 0 to 8.0 percent, for independence ranged from 0.6 to 1.3 percent, and for duration ranged from 1.6 to 1.8 minutes. Social validity responses from the students supported this finding as well, as all three girls cited the video modeling and face-to-face explicit instruction as being equally helpful, although preferences regarding which strategy they favored differed across the group.
One explanation for the nearly equal performance of both strategies for all three students is the overlap in features that they possess. For instance, video modeling by design incorporates explicit teaching and modeling of tasks (Cihak et al., 2010) . In addition, both strategies allow educators to use visual diagrams and illustrations to aid in the learning process (Cihak & Bowlin, 2009; Witzel et al., 2003) . Creating visual representations of concepts is identified as an effective problem representation strategy for teaching word problems to students with a learning disability (Gonsalves & Krawec, 2014) . The pairing of explicit teaching of concepts with visual representations of each type of word problem made video modeling a successful strategy for students in our study, and suggests that this approach may offer educators an effective alternative for providing instruction to their students without physically being present at all times.
Implications for Practice
Our findings have implications for the practices of mathematics and special education teachers alike. All three students in our study demonstrated nearly identical performance using video modeling and face-to-face explicit instruction to solve geometry word problems. This suggests that students with a learning disability in mathematics are capable of receiving instruction on secondary mathematics curricula through mobile technology such as tablets, thus potentially lessening the need for educators to deliver instruction in person. For educators who are looking for ways to emphasize greater learning autonomy among their older students, this option presents the potential for extending the boundaries of the traditional classroom. Using video modeling provides students with multiple options in terms of the technology with which they receive content instruction (e.g., seated in front of a desktop, watching on a tablet), as well as the setting where learning occurs (e.g., in their homes, at school). Video modeling also provides students with the opportunity to differentiate how they receive instruction while learning and practicing to solve new types of problems. For example, students can choose whether to watch a video showing all of the steps needed to solve a problem in its entirety before practicing themselves, or to pause the video after each step and practice the problem-solving process in segments (also known as video prompting; Cihak & Bowlin, 2009) . Moreover, educators can create video modeling lessons that students can access online to relearn key foundational concepts, while providing students with a resource that they can then take with them as they transition into higher grade levels.
Limitations and Future Directions
Despite the positive findings of this study, some limitations still existed. First, the authors assessed only three variations of area and perimeter word problems (e.g., given the length and area of a rectangle, solve for the perimeter); it is unknown whether our students would struggle with other adaptations of such problems (e.g., given the width and perimeter of a rectangle, solve for the area). Second, the difficulty level of the problems assessed should be noted, as none of the word problems solved by students possessed distracting information (i.e., numbers, values, or general information not needed to solve for a solution). Lastly, the authors did not incorporate a continuous baseline condition as part of the alternating treatments within intervention. Including such a condition would provide a glimpse of the students' ability or inability to solve word problems without video modeling or explicit instruction from a researcher. Moreover, the lack of a continuous baseline reduces the possibility of carryover effects; the impact of interaction effects on our students' performance data must be considered when discussing video modeling compared to explicit instruction.
For future research, more work is needed assessing the viability of video modeling for instructional purposes with students with a learning disability in mathematics. This includes the replication of our work in this study, with larger numbers of students, comparing video modeling to established strategies such as explicit instruction. Such research must evaluate whether the use of video models is a viable substitute for face-to-face explicit instruction of mathematics content. In addition, future research must study whether students can generalize their skills to curriculum-based measures after learning content via video modeling. Research must also assess whether video modeling can meet the needs of diverse students, such as those identified as English language learners. For this population, additional language supports embedded within video modeling instruction may be necessary to achieve academic success.
